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1. Introduction

At the 3GPP TSG RAN1 NR adhoc meeting, the following agreement has been achieved [1]:

· The rate matching for LDPC code is circular buffer based (same concept as in LTE)
· The circular buffer is filled with an ordered sequence of systematic bits and parity bits
· FFS: Order of the bits in the circular buffer
· For IR-HARQ, each Redundancy Version (RV), RVi,  is assigned a starting bit location Si on the circular buffer
· For IR retransmission of RVi, the coded bits are read out sequentially from the circular buffer, starting with the bit location Si
· Limited buffer rate matching (LBRM) is supported
At the 3GPP TSG RAN1 NRAH2 meeting, the following agreement has further been achieved [2]:

The number of RVs is 4. 

The RVs are at fixed locations in the circular buffer

RV#0 is self-decodable

Working assumption (to be confirmed after selection of the BGs): The first 2Z punctured systematic bits are not entered into the circular buffer

In this contribution, some issues are considered for rate matching for NR LDPC codes.  

2. Rate Matching

The rate matching circular buffer for LTE-turbo is shown in Figure 1. The LTE-turbo mother code consist of 3 bit streams and its mother code rate is 1/3. During the bit selection, the bit start location is obtained by current redundancy version. There are 4 pre-fixed start locations for 4 RVs=[0, 1, 2, 3] as shown in Figure 1. And, the transmission order for redundancy version of LTE-turbo code is [0, 2, 3, 1].
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Figure 1
LTE-turbo code rate-matching with circular buffer

According to the agreement and working assumption at the NRAH2 meeting [2], the rate-matching for LDPC code can be depicted in Figure 2 similar to LTE-turbo code. And, the first 2Z bits are not included in the circular buffer. 
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Figure 2
NR-LDPC code rate-matching with circular buffer

There are some differences between BG1 and BG2, which are described as follow: 1) size of BG1 is 46×68 and size of BG2 is 42×52. 2) Maximum lift size of BG1 is 384 and maximum lift size of BG2 is 256. 3) Maximum information bits length of BG1 is 8448 and maximum information bits length of BG2 is 2560. 4) Lowest code rate of BG1 is 1/3 and lowest code rate of BG2 is 1/5.

In order to support both BG1 and BG2, the length of circular buffer should be set to the maximum length between BG1 and BG2. Therefore, circular buffer length is (68-2)×384 because the first 2Z systematic bits are punctured. The starting bit location for each redundancy version should be set evenly in the circular buffer for the least overlapping bits between 4 transmission data. In consideration of QC-LDPC encoding / decoding by Z bits, it is suitable to let starting bit location for each redundancy version equal an integral multiple of Z. For example, the starting bit location for RVi can be calculated by the follow expression: 
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wherein, the value of nb is 66 for BG1 and 50 for BG2. The performance for each redundancy version transmission data is shown in Figure 3 for TBS of 2560 and the 1st transmission with code rate of 2/3 and each retransmission data has the same bits length, in AWGN channel. 

[image: image4.emf]-5 -4 -3 -2 -1 0 1 2 3 4

10

-4

10

-3

10

-2

10

-1

10

0

QPSK, TBS=2560, AWGN

SNRdB

BLER

 

 

RV0

RV1

RV2

RV3


Figure 3
Performances for each redundancy version with TBS of 2560 for BG1 with RV order of [0 1 2 3]
Bit-level interleaving can be used by LDPC code to improve high code rate performance and/or to counter burst error. An example of interleaving for BG1 is shown in Figure 4, where one LDPC code word is firstly organized into 66 units, and each unit contains Z bits. Then an interleaving among these units is performed before writing the code word into a circular buffer. Note that another bit interleaving scheme described in [3] can also be used to improve the performance of high order modulation. 
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Figure 4
An example for interleaving scheme before read in the circular buffer for BG1

3. Limited Buffer Rate Matching 

Limited circular buffer rate matching was used in LTE to satisfy different UE category’s requirement. In NR adhoc meeting [1], it was agreed to support LBRM for NR-LDPC. For LDPC decoder, the lower code rate is, the more decoding latency is. Therefore, it is necessary to support LBRM for LDPC coding for different UE category. It is suitable to set the size of LBRM to be an integral multiple of Z, such that nb’×Z, as shown in Figure 5. For very low latency UE or very low complexity UE, the size of circular buffer can be set small. The smallest value of nb’ is kb+4, wherein, kb=22 for BG1 and kb=10 for BG2. For high reliability UE, the size of circular buffer can be equal to nb, wherein, nb=66 for BG1 and nb=50 for BG2. 
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Figure 5 An example of LBRM for LDPC code
The start bit location for redundancy version RVi can be recalculated by the follow expression: 
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The performance comparison for each redundancy version data transmission between limited / non-limited buffer rate matching (LBRM vs NLBRM) is shown in Figure 6, in AWGN channel. The length of LBRM is set to nb’=46 for mother code rate of 1/2. The length of information bits is 2560, and code rate is 2/3 for the 1st transmission. 

[image: image8.emf]-5 -4 -3 -2 -1 0 1 2 3 4

10

-4

10

-3

10

-2

10

-1

10

0

QPSK, TBS=2560, AWGN

SNRdB

BLER

 

 

NLBRM RV0

NLBRM RV1

NLBRM RV2

NLBRM RV3

LBRM RV0

LBRM RV1

LBRM RV2

LBRM RV3


Figure 6
The performance comparison f between LBRM and NLBRM
As shown in Figure 6, some performance loss is observed for limited buffer rate matching compared with non-limited. The reason is that LBRM lose the coding gain for code rate less than mother code rate of 1/2. Therefore, some factors (such as complexity, latency, performance) should be considered for LBRM design. Interleaving scheme can be used to randomize the LDPC codeword before written into the limited buffer rate matching, as shown in Figure 4 or in [3].

Observation: performance loss is observed for LBRM compared with NLBRM for retransmission. 

Proposal 1: the bit start location should be set evenly in the LBRM buffer. 

Proposal 2: the bit start location should be equal to an integral multiple of Z. 

Proposal 3: the length of LBRM buffer should be equal to an integral multiple of Z. 

4. Conclusion

In this contribution, rate matching for NR-LDPC code is considered. In summary, we have the following proposals and observation.

Observation: performance loss is observed for LBRM compared with NLBRM for retransmission. 

Proposal 1: the bit start location should be set evenly in the LBRM buffer. 

Proposal 2: the bit start location should be equal to an integral multiple of Z. 

Proposal 3: the length of LBRM buffer should be equal to an integral multiple of Z. 
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